Background: Polycystic ovarian syndrome (PCOS) is considered the commonest endocrinological disorder affecting reproductive aged women. PCOS compromises fertility through various pathways. These pathways include hyperandrogenism, insulin resistance and impedance of the uterine and endometrial blood flow. Metformin improves the blood flow to the endometrium. It acts by reducing androgen level and correction of insulin resistance. Endometrial vascular indices were evaluated in this study to evaluate endometrial receptivity in anovulatory patients with PCOS. Aim of the Work: To evaluate the outcome of metformin administration in anovulatory patients with PCOS and its effect on the endometrium. This included its role in ovulation and improvement of pregnancy rates.
Introduction
Most women with polycystic ovarian syndrome (PCOS) have some degree of insulin resistance. It is a known fact that hyperinsulinemia augments androgen production in PCOS [1] . Insulin resistance has further been associated with abnormal endometrial development and endometrial defects in women with PCOS. [2] . Abnormal uterine blood flow has been observed in women with PCOS; the subfertile population in general [3] and in women with idiopathic recurrent miscarriage [4] .
Infertility associated with PCOS also results from chronic anovulation. There are increasing data suggesting that implantation failure can further reduce pregnancy rates in these women [5] . Although ovulation is readily obtained with medical induction, implantation rates remain lower than fertile controls and early pregnancy loss rates are increased [2] .
Metformin, an insulin sensitizer, is widely used in women with PCOS to correct this biochemical disorder helping ovulation [6] . One study reported that insulin reduction with metformin enhanced uterine vascularity and reduced uterine vascular resistance, as demonstrated by a 20% reduction in vascular resistance in spiral arteries after metformin use [2] . Endometrial receptivity could be indirectly assessed by ultrasound. This includes the assessment of uterine artery velocimetry and the endometrial characteristics such as thickness, pattern and vascularity [7] .
In the current study, we evaluated the effect of metformin received by anovulatory patients with PCOS on endometrial thickness and endometrial vascular flow patterns, in addition to ovulation and pregnancy rates in these women.
Patients and Methods
Eighty five patients complaining of infertility due to chronic anovulation associated with PCOS were recruited from Ain Shams University Outpatient Infer- Ovarian Syndrome Society [8] :
• presence of hyperandrogenism in the form of hirsutism and/or hyperandrogenaemia; • presence of ovarian dysfunction in the form of oligo or anovulation and/or polycystic ovaries by transvaginal ultrasound.
• exclusion of other causes of androgen excess or related disorders like defi-Open Journal of Obstetrics and Gynecology cient non-classic adrenal hyperplasia, androgen-secreting neoplasms, androgenic/anabolic drug use or abuse, Cushing's syndrome, the Hyperandrogenic-Insulin Resistance-Acanthosis Nigricans Syndrome, thyroid dysfunction and hyperprolactinemia.
Patients with regular monthly menses, receiving weight loss eating programs and/or physical exercising were excluded. Furthermore, patients with chronic medical disorders or with uterine fibroids or endometriosis or patients with endocrinological disorders like diabetes mellitus, hypothyroidism, hyperprolactinaemia, Cushing's syndrome and non-classical congenital adrenal hyperplasia were also excluded. Pretreatment with metformin, all participants were subjected to detailed history taking and examination, including body mass index (BMI) calculation and hirsutism scoring using modified Ferriman Gallwey Index [9] . Hormonal profiles for all patients were determined including follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin, thyroid stimulating hormone (TSH), androstienodione, free testosterone and 17-hydroxyprogesterone. Serum progesterone level was also measured on day 21 after withdrawal bleeding due to progestin administration. A value less than 3 ng/ml confirmed anovulation in these patients (Figure 1 ). Transvaginal ultrasound was done for all participants on days 14 and 21 to determine endometrial thickness, uterine artery flow pattern, During the 3 months period of metformin treatment, we asked the participants to measure serum B-hCG monthly in patients with amenorrhea or one week after missed period in patients who regular menses with metformin treatment.
Data analysis was done using SPSS program version 24. Quantitative variables were presented as mean and standard deviation, while qualitative variables were presented as count and percent. Student t test was used to compare quantitative variables between two independent groups and paired samples t test was used to compare them before and after treatment for the same group. A p-value < 0.05 was considered statistically significant.
Results
In our study, 85 patients with anovulatory PCOS were investigated. Their demographic data and hormonal profile are shown in Table 1 . 6.67 ± 1.14 mm and on day 21 was 7.84 ± 1. Table 3 shows that there is a statistically insignificant difference between all personal data and hormonal profiles between pregnant and non-pregnant patients. Table 4 shows that there is no statistically significant difference regarding ultrasound data between pregnant and non-pregnant participants before treatment with metformin (p > 0.05) except for 2 measurements which are endometrial flow R.I on day 21 and subendometrial flow P.I on day 21 which were significantly different (p < 0.001) (Figure 3 ).
Discussion
For Implantation to be of great success, it depends on an interaction between the were the same as Palomba et al. [11] Battaglia et al. concluded that anovulatory patients with PCOS have an alteration in uterine vascularization [12] . In fact, PI and RI values, two measures of blood impedance inversely related to blood flow, were not only unchanged throughout the cycle [13] but also significantly higher before the treatment.
In the current study, it was found that uterine Doppler indices were increased in PCOS patients and this is similar to the study done by Mohsen et al. [14] . The uterine artery Doppler indices were reduced upon treatment by metformin as all the patients had hyperandrogensim. It suggested that uterine blood flow was reduced in women with PCOS who had hyperandrogenism or were obese [15] .
This indicates that the PCO syndrome with hyperandrogensim can decrease the uterine, endometrial and subendometrial flow patterns which are indirect indi-
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cators of endometrial receptivity [16] .
In the current study, metformin therapy led to significant increase in endometrial thickness and had a significant effect on uterine RI and PI. On the endometrial level, endometrial and subendometrial R.I and P.I were significantly reduced after metformin treatment indicating better blood flow. In response to metformin therapy, ovulation was achieved in 26 women (30.6%). Pregnancy rate was 18.8%. Twelve patients got pregnant in the 3 rd month of treatment. That may be explained by the cumulative effect of metformin action. There were no significant differences between pregnant and non-pregnant women regarding endometrial thickness, personal data nor hormonal profiles. Likewise, pretreatment values of uterine RI and PI were insignificantly different in pregnant compared to non-pregnant women; however, decreased endometrial flow R.I on day 21 and decreased subendometrial flow P.I on day 21 was significantly different.
Metformin did improve the ovulation and clinical pregnancy rates when added to letrozole or clomiphene citrate for ovulation induction in PCOS patients this is attributed to the addition of either letrozole or clomiphene citrate [17] .
Endometrial thickness was considered a marker for uterine receptivity and for pregnancy prediction with different results. Although Kocak et al. [18] demonstrated a significant effect of metformin on endometrial thickness in PCOS women treated with clomiphene citrate, the study done by Maged et al. [19] showed that there was no improvement in endometrial thickness with metformin therapy and that treatment with N-Acetyl Cysteine was superior to metformin. In the current study, metformin treatment increased endometrial thickness 
Limitation of the Study
Longer duration of treatment might give more conclusive results. Also investigating hormonal profile post treatment could have been done to give an idea on whether metformin has an effect on the hormonal profile in this group of patients. Better assessment of the parameters of the endometrium should have been done by 3-dimensional ultrasound.
Conclusion
We can conclude that endometrial vascularity was abnormally reduced in women with anovulatory PCOS. Metformin therapy improves endometrial flow pattern. In addition, it increases endometrial thickness and improved impedance observed in uterine artery flow observed in women with PCOS. We acknowledge that this study suggests that changes in the endometrial and subendometrial blood flow in some women with PCOS are only a preliminary one. The overlap Open Journal of Obstetrics and Gynecology of the variables also renders it impossible to establish a practical cut-off level.
